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Thyroid hormones affect bone remodeling in patients with thyroid disease by acting directly or indirectly on bone cells.\[[@ref1]--[@ref4]\] TSH may also affect bone health by interacting with TSH receptors expressed on osteoblasts and osteoclast precursors.\[[@ref5]--[@ref7]\] The relative contribution of thyroid hormone excess and TSH deficiency in causation of bone loss remains unresolved. In experimental animals, reduced expression of TSH receptors leads to development of osteoporosis.\[[@ref5][@ref6]\] Studies in subjects with exogenous subclinical hyperthyroidism did not reveal any effect on bone mineral density (BMD) in men and premenopausal women, whereas the effect in postmenopausal women is equivocal.\[[@ref1][@ref2]\] The association of subclinical hypothyroidism and BMD are varied.\[[@ref8]--[@ref11]\] Many authors have studied relation of thyroid functions with BMD in euthyroid postmenopausal women,\[[@ref12]--[@ref15]\] but there is limited information on correlation of thyroid function with BMD in euthyroid premenopausal women and males below 50 years of age. Hence, we undertook this cross sectional study to evaluate the correlation of thyroid function with BMD in subjects aged less than 50 years with normal thyroid function and subclinical hypothyroidism.
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This study was carried out as part of general health examination of all members of Resident Welfare Associations of 4 residential colonies of Delhi, one each from North, South, East, and West for a general health checkup on voluntary basis. Men \>50 years of age, women who were either post-menopausal or \> 50 years of age, and subjects with diabetes, hepatic disease, renal disease, alcoholism, family history of fracture, overt hypo-or hyper-thyroidism, or receiving any medication likely to influence bone mineral status were excluded from the study.

A total of 1290 subjects were included in the study. Body mass index (BMI) was calculated by weight in kilogram divided by square of height in meters. Fasting blood samples were drawn for the estimation of serum 25(OH)D, intact parathyroid hormone, total and ionized calcium, inorganic phosphorus, and alkaline phosphatase (ALP). The study was approved by the ethics committee of the Institute of Nuclear Medicine and Allied Sciences and all subjects gave written informed consent.

Thyroid function tests (TFT) were performed by electrochemiluminiscence assay with the following normal range FT3 (2.8-7.1 pmol/L), FT4 (12.0-22.0 pmol/L), TSH (0.27-4.20mIU/L). Anti-TPO antibody was measured by using electrochemiluminiscence kits from Roche (Germany) with normal range from 0.0-34.0 IU/L. Subjects \>102.0 IU/L i.e. 3 times the upper limit of normal were considered to have significant anti-TPO antibody positivity. Biochemical estimations were carried out using automated analyzer (Hitachi 902 fully automated biochemistry analyzer; Roche, Manheim, Germany) and commercial kits (Roche, Manheim, Germany). The normal range for different biochemical parameters are as follows: serum total calcium (2.2-2.55 mmol/L), ionized calcium (1.12-1.32 mmol/L), inorganic phosphorus (0.9-1.5 mmol/L), and alkaline phosphatase were (females: \<240 U/L; males: \<270 U/L). The serum concentrations of 25(OH)D (reference range: 22.5-94 nmol/L) and PTH (reference range: 10-65 ng/L) were measured by RIA (Diasorin, Stillwater, MN) and electrochemiluminiscence assay (Roche diagnostics, GMDH-Manheim, Germany) respectively.

Bone mineral density (BMD) at anteroposterior (AP) lumbar spine (L1-L4), femur (total hip, femoral neck) and forearm (total, ultra distal and 33% radius) was measured using the Prodigy Oracle (GE Lunar Corp., Madison, WI) according to standard protocol. Quality control procedures were carried out in accordance with the manufacturer\'s recommendations. Instrument variation was determined regularly using a phantom supplied by the manufacturer and mean coefficient of variation was \<0.5%. For *in vivo* measurements, mean coefficients of variation for all sites were \<1%.

Subjects (1290) were divided in two groups: Group1 (1115 subjects, 86.8%) with normal thyroid function and Group 2 (175 subjects, 13.2%) with subclinical hypothyroidism defined as normal FT4 and TSH \>4.2 mIU/L.

Statistical analysis was carried out using EPI INFO 3.5.3 (CDC, Atlanta, GA, USA). Data were presented as mean ± SD or number (%) unless specified. All parametric data were analysed by student\'s t-test. If Barlett\'s Chi-square test for equality of population variances was \<0.05 then Kruskal-Wallis test was applied. All non parametric data were analysed by Chi-square test. Multiple regression analysis was done to ascertain association between thyroid functions and BMD at various sites. Pearson\'s correlation coefficient was calculated to assess the strength of relationship between thyroid function test and BMD at various sites. A *P* value of \< 0.05 was considered statistically significant.
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Baseline characteristics of subjects are given in [Table 1](#T1){ref-type="table"}. Both groups were comparable in all respect except FT4 and TSH. BMD at all sites (radius, femur and spine) were comparable in both groups \[[Table 2](#T2){ref-type="table"}\]. When both groups were divided according to TSH levels (0.3-1.6, \>1.6-2.9, \>2.9-4.2 and \>4.2-6.2,\>6.2-8.2, \>8.2); there were no difference in BMD among groups. There were no statistically significant differences in BMD at all sites between groups in either of sexes analysed separately (data not shown).
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Basic characteristics of study population
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Bone mineral density (gm/cm^2^) in subjects with normal thyroid function tests and subclinical hypothyroidism
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Among euthyroid subjects, FT4 were positively associated with BMD at 33% radius after adjustment for age, sex, BMI, 25(OH)D and PTH levels in multiple regression analysis The association between FT4 BMD at femoral neck did not achieve statistical significance \[[Table 3](#T3){ref-type="table"}\]. Among subjects with SCH, FT4 was negatively associated with BMD at lumbar spine in univariate (r^2^ =0.02, *p*=0.07) and multivariate analysis (r^2^ =0.07, *p*= 0.041) \[[Table 4](#T4){ref-type="table"}\]. In correlation analysis, FT4 was positively correlated with BMD at radius and femoral neck among all subjects \[[Table 5](#T5){ref-type="table"}\].
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Multiple regression analysis of TFT and BMD in euthyroid subjects (After adjustment for age, sex, BMI, PTH and 25(OH)D levels)

![](IJEM-16-575-g003)

###### 

Multiple regression analysis of TFT and BMD in SCH subjects (After adjustment for age, sex, BMI, PTH and 25(OH)D levels)
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Correlation of thyroid function tests and bone mineral density among all subjects
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Among euthyroid subjects, FT3 was negatively associated with BMD at femoral neck after adjustment for age, sex, BMI, 25(OH)D and PTH levels in multiple regression analysis \[[Table 3](#T3){ref-type="table"}\]. Among subjects with SCH, FT3 was negatively associated with BMD at 33% radius (r^2^ =0.14, *p*=0.01) in multivariate analysis \[[Table 4](#T4){ref-type="table"}\]. In correlation analysis, FT3 showed no correlation with BMD at any site among all subjects \[[Table 5](#T5){ref-type="table"}\].

TSH was positively associated with BMD at 33% radius among euthyroid subjects in multiple regression analysis after adjustment of various factors mentioned above. TSH showed no association with BMD at any site in univariate or multiple regression analysis in subjects with SCH \[[Table 4](#T4){ref-type="table"}\]. TSH showed no correlation with BMD at any site among all subjects \[[Table 5](#T5){ref-type="table"}\].

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In the present study, FT3 was noted to be negatively associated with BMD at femoral neck whereas FT4 was positively associated and correlated with BMD at radius and femoral neck; and TSH was neither associated nor correlated with BMD at any site in euthyroid subjects below 50 years of age. Griemnes *et al*,\[[@ref13]\] in a large cross sectional Tromsø study among men and postmenopausal women, found no association between TSH and BMD with serum TSH being in the normal range after adjustment for age, weight, height, smoking habits, physical activity and use of hormone replacement therapy in women. In contrast, Baqi *et al*,\[[@ref14]\] reported significant positive influence of TSH on BMD in postmenopausal women at lumbar spine and femoral neck independent of age, and BMI in multiple regression analysis. A negative correlation of TSH with bone mineral content has also been reported in healthy euthyroid subjects in a small study.\[[@ref15]\]

We divided the study subjects from both groups in TSH tertiles and found no difference in BMD among tertiles in either group. Similar observation has been made in a large population based study by Svare *et al*.\[[@ref16]\] However, a hospital-based study from South Korea found an increasing hip and lumbar BMD with increasing TSH from low normal to high normal TSH level.\[[@ref17]\] Morris *et al*,\[[@ref12]\] also studied the association between TSH (within normal range) and hip BMD in postmenopausal women. They reported that women with TSH values in the lower normal range (0.39-1.79 mIU/L) had higher risk for osteopenia and osteoporosis than those with TSH values in the higher normal range (1.8-4.6 mIU/L).

The positive association and correlation of FT4 with BMD at radius in euthyroid subjects observed in present study was in contrast to a large population based cohort study involving healthy euthyroid postmenopausal women where FT4 was negatively correlated with BMD at hip.\[[@ref18]\] Similarly, a negative correlation of FT4 with bone mineral content has also been reported in healthy euthyroid subjects.\[[@ref15]\] Baqi *et al*,\[[@ref14]\] however, reported no correlation between FT4 and BMD in post menopausal women. Negative association of FT3 with BMD at femoral neck in euthyroid subjects in the present study was also observed by Murphy *et al*,\[[@ref18]\] in healthy postmenopausal euthyroid women. However, there are studies which did not reveal any correlation between thyroid hormones and BMD in premenopausal women\[[@ref19]\] and cured cases of differentiated thyroid carcinoma with subnormal TSH levels on thyroxin replacement.\[[@ref20]\] Since there was no effect of thyroid hormones noted on BMD at lumbar spine in euthyroid subjects in present study, it suggests that thyroid hormones have more pronounced effect on cortical than trabecular bone.\[[@ref1][@ref2]\]

There was no difference in BMD at any site between euthyroid subjects and subjects with subclinical hypothyroidism. One small study, in contrast, did report decrease in BMD at femoral neck but found no difference in BMD at lumbar spine in postmenopausal women with subclinical hypothyroidism compared to euthyroid controls.\[[@ref11]\] However, another study\[[@ref8]\] reported significantly higher BMD in premenopausal women with post surgical subclinical hypothyroidism. Lack of association between TSH and BMD at any site observed in subjects with SCH in the present study, was consistent with the findings of a small study in postmenopausal women at lumbar spine and total hip.\[[@ref9]\] Bertoli *et al*, who measured BMD and bone mineral contents at different regional sites in 32 postmenopausal women, reported direct relationship between leg BMD and TSH.\[[@ref10]\]

In a population based study, Svare *et al*,\[[@ref16]\] demonstrated that BMD at radius was lower in subjects with TSH \<0.1 mIU/L, but changed little with increasing TSH levels. We therefore hypothesize that TSH values above 0.1 mIU/L probably plays a permissive role in maintaining BMD which would also explain the lack of association of TSH with BMD in both euthyroid and SCH subjects as seen in the present study. In contrast, patients with thyrotoxicosis have a low bone mass partly because their TSH is below the required threshold for maintaining BMD. TSH receptors have been reported to be present on human osteoblasts.\[[@ref7]\] Low concentration of TSH may be necessary for local expression of type-2 deiodinase in osteoblasts\[[@ref21]\] which via generation of T3 locally may have a positive effect on osteoblast. This is further supported by a genetic study where TSHR knockout and haploinsufficient mice with normal thyroid hormone levels have decreased bone mass.\[[@ref22]\] Similarly, the exogenous administration of low doses of TSH in animal experiments have positively influenced bone remodeling by inhibiting osteoclast differentiation and activating osteoblast differentiation,\[[@ref5][@ref6]\] thus eliciting both antiresorptive and anabolic bone effects.

The main strength of study was large sample size and population based study and limitation was being a cross sectional study, changes in BMD could not be assessed in relation to thyroid function tests over a period of time.
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TSH does not affect BMD in euthyroid subjects and subjects with subclinical hypothyroidism. Thyroid hormones appear to have more pronounced positive effect on cortical bone than trabecular bone in euthyroid subjects. We speculate that TSH may have permissive role in bone remodeling.
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